Marked dopaminergic cell loss subsequent to developmental, intranigral expression of glial cell line-derived neurotrophic factor.
Glial cell line-derived neurotrophic factor (GDNF) shows potent neuroprotective as well as neurorestorative actions on the adult neurons impacted in animal models of Parkinson's disease (PD). Long-term pharmaco-physiological effects of GDNF on developing dopaminergic (DA) neurons have not yet been explored because of technical difficulties in producing prolonged cell type-specific delivery of this neurotrophic factor in mammalian embryonic brain. The current studies used our previously characterized 9.0-kb tyrosine hydroxylase promoter to produce transgenic mice with neuronal cell type-specific expression of GDNF in substantia nigra pars compacta (SNc) and locus coeruleus (LC). These mice were used to test the parsimonious hypothesis that increased developmental expression of GDNF in SNc and LC would significantly enhance the number of postmitotic adult neurons. To our surprise, adult transgenic mice carrying the TH9.0kb-GDNF hybrid gene showed dramatic reductions in both the numbers and the volumes of SNc-DA and LC-noradrenergic (NA) neurons by quantitative morphometric analysis. The decrease in the number of DA neurons was apparent as early as postnatal day 2, the period before the major naturally occurring apoptotic cell death in midbrain. Aged transgenic mice exhibited no further significant deficits in motor behaviors. These data suggest that continuous, early developmental GDNF expression exerts physiological effects on newly differentiated, immature dopamine neurons that differ from those observed on more mature and adult DA neurons. Further elucidation of the mechanisms underlying differential GDNF actions will greatly improve the pharmacological efficacy of GDNF in fetal neural transplantation as well as adult neuronal gene therapy in PD patients.